BACKGROUND: Diabetes mellitus continues to result in substantial morbidity and mortality despite receiving much attention from health care providers. Automated clinician reminder systems have been developed to improve adherence to diabetes care guidelines, but these reminder systems do not always provide actionable information and may be unable to detect relevant, subjective patient information that affects clinical decision making. Face-to-face visits with pharmacists, who have knowledge of care guidelines and medication management strategies, may assist in improving diabetes care. It is unknown if the combination of pharmacist chart review and clinician reminders could improve diabetes care without requiring face-to-face visits. OBJECTIVE: To assess the effects of a comprehensive, pharmacistdelivered, primary care, physician-focused intervention in a large hospitalbased primary care practice to improve the quality of care for patients with diabetes including rates of semiannual hemoglobin A1c testing and other biomarker and process measures. METHODS: This was a prospective, randomized, controlled study conducted in a hospital-based, primary care practice, composed of 37 faculty primary care physicians (PCPs) and 95 internal medicine residents. The initial sample included 346 patients with diabetes and 72 PCPs caring for them. PCPs were randomized to receive either a personalized letter from a practicing pharmacist containing treatment recommendations for patients with upcoming primary care visits (intervention, n = 33) or to usual care without the letters (control, n = 39). The letter included patient-specific recommendations regarding overdue testing as well as drug therapy to achieve diabetes-related treatment targets. The intervention included addition of the letter to the electronic medical record (EMR) and presentation of the letter to the PCP at the time of the index primary care visit that occurred between November 2003 and August 2004. Follow-up chart review was performed after the primary care visit to determine changes in 5 process and 3 biomarker outcome measures of diabetes care within 30 days of the index visit. The primary study outcome was a process measure, change in rates of semiannual A1c testing from baseline to 30-day follow-up. Baseline differences were tested for statistical significance using Pearson chisquare. The statistical significance of the intervention's effect was tested using logistic regression models predicting achievement of each study outcome, with randomization status (intervention vs. control) as the predictor variable of interest, controlling for baseline performance for each measure. RESULTS: 171 patients were in the 4 medical clinic suites with 33 PCPs who received the intervention, and 175 patients were in the 4 suites with 39 PCPs in usual care. 30-day outcomes were analyzed for 301 patients (87.0%) who attended their scheduled index primary care visit. Of these 301 patients, 44.5% were black, 65.8% were female, and the mean age was 63 years. At baseline, there were no significant differences between the intervention group (n = 150) and the usual care (control) group (n = 151) in the 3 biomarker measures (proportion with A1c less than 7%, proportion with low-density lipoprotein cholesterol [LDL-C] less than 100 milligrams per deciliter [mg per dL], or blood pressure less than 130/80 millimeters mercury [mm Hg]). There were no significant baseline differences in 4 of the 5 process measures; however, the rate of annual LDL-C testing was significantly higher for the intervention than for the control group at baseline (86.0% vs. 74.8%, respectively, P = 0.015). In logistic regression analysis, rates of semiannual A1c testing were not significantly different between the intervention and control groups, increasing from baseline to follow-up by 16% in the intervention group and 9% in the control group (P = 0.146). The proportion of patients with A1c less than 7% at follow-up was 43.3%
• Diabetes mellitus is a common condition amenable to specific interventions aimed at control of blood pressure, lipid, and glycemic parameters. Despite this, care for patients with diabetes remains inadequate.
• Automated clinician reminder programs have been shown to improve measures of diabetes care by 30%, but such interventions can be limited by lack of actionable information or inaccurate or out-of-date reminders.
• Pharmacist participation in the diabetes care team has been associated with positive clinical outcomes on hemoglobin A1c, resulting in an additional A1c lowering of mean (SD) 0.62% (0.29%) over controls, but additional study is needed to determine the most effective and efficient use of pharmacists in diabetes care.
What is already known about this subject R E S E A R C H
• Of 8 biomarker and process measures of clinical quality in diabetes care, pharmacist-delivered, provider-focused interventions derived from review of an electronic medical record and provided for a small sample of patients with either type 1 or type 2 diabetes were associated with significant improvement only for the process measure of the proportion of patients with annual dilated eye exams (60.0% vs. 50.3% assessed at 30 days after the intervention for intervention and control, respectively, P = 0.017).
• The intervention was not associated with statistically significant improvement in 3 biomarker measures (proportion with A1c < 7%, proportion with LDL-C less than 100 milligrams per deciliter [mg per dL], or blood pressure less than 130/80 millimeters mercury [mm Hg]) or in 4 of the 5 process measures (semiannual A1c testing, annual lipid testing, annual urine microalbumin screening, or pneumococcal vaccination).
What this study adds

D
iabetes mellitus is an increasingly common condition among adults in the United States and is associated with substantial morbidity and mortality. As of 2007, more than 23 million people in the United States had either diagnosed (17.9 million) or undiagnosed (5.7 million) diabetes. 1 The microvascular and macrovascular complications of diabetes lead to significant disability and early mortality, in addition to substantial costs to the health care system. 1, 2 These complications can be reduced through specific interventions aimed at achieving designated glycemic, lipid, and blood pressure goals. [3] [4] [5] [6] [7] Despite this evidence, outcomes for patients with diabetes remain inadequate. National data indicate that almost 30% of patients with diabetes have inadequate control of hemoglobin A1c values; 51% do not meet lipid management goals; and about 40% have inadequate blood pressure control (defined as more than 140/90 millimeters mercury [mm Hg]). 8 Previous quality improvement efforts involving automated clinician reminders have produced increased compliance with diabetes care guidelines. 9, 10 However, these efforts have been most successful in improving process measures of care such as annual laboratory testing, 9 and significant gaps remain in outcomes of care such as appropriate glycemic control. A meta-analysis by Shojania et al. (2006) of 66 studies of the effect of quality improvement (QI) strategies in diabetes care concluded that most QI strategies produce only modest improvements in glycemic control. 11 Of 11 categories of QI strategies assessed, the researchers identified 2 QI strategies in particular that were associated with the greatest reductions in A1c. First, team changes, in which changes are made to the primary structure of the health care team (e.g., adding routine visits with medical personnel other than the primary care provider [PCP]) or in which a team member's role is expanded to allow for greater involvement in patient monitoring or adjustment of regimens, were associated with a mean reduction in A1c of 0.67% (95% confidence interval [CI] = 0.43-0.91, n = 26 studies). Second, case management was associated with a mean reduction in A1c of 0.52% (95% CI = 0.31-0.73, n = 26 studies). The use of clinician reminders (with or without an accompanying recommendation) was associated with a reduction in A1c of 0.4%-0.5%, but this effect was not statistically significant.
11
Possible explanations for the inability of these strategies to fully close the quality gap include a failure of providers to attend to clinical reminders; the lack of provision of actionable reminders (e.g., not only provide a clinical recommendation for an overdue laboratory test but also facilitate electronic ordering of that test via a direct link to a computerized physician order entry module); or the provision of inaccurate or out-of-date recommendations in clinician-targeted reminders. 12, 13 The active participation of pharmacists in the care of patients with diabetes has been summarized in several systematic reviews and has been shown to improve outcomes of care.
11,14,15 Shojania et al. conclude in a post hoc analysis of the aforementioned metaanalysis that QI interventions in which pharmacists or nurse case Pharmacist Recommendations to Improve the Quality of Diabetes Care: A Randomized Controlled Trial managers could adjust medications without waiting for physician approval were associated with a mean reduction of A1c of 0.80% (95% CI = 0.51%-1.10%) compared with a mean A1c reduction of 0.32% (95% CI = 0.14%-0.49%) in interventions where this was not allowed. 11 A meta-analysis by Machado et al. (2007) showed that A1c and possibly also systolic blood pressure and fasting plasma glucose were sensitive to pharmacists' interventions. 15 The authors concluded that pharmacists' interventions reduced A1c by an additional mean (SD) 0.62% (0.29%) over controls (P = 0.03). A systematic review was performed by Wubben and Vivian (2008) to determine if strategies used by pharmacists in the outpatient setting improve glycemic control as measured by A1c. Twenty-one studies, including 9 randomized trials, of pharmacist interventions were included in the analysis. All interventions consisted of face-to-face or telephonic visits with a pharmacist. Changes in A1c as a result of these interventions ranged from + 0.2% to -2.1%. 14 These studies illustrate that pharmacist-delivered interventions for patients with diabetes can improve several indicators of quality diabetes care. Other studies document that such interventions may be conducted in a variety of settings, including community pharmacies and ambulatory clinics.
14-18 Most of these studies have also involved interventions delivered during face-to-face pharmacist appointments, which require available clinical staff and space. It is possible that an intervention combining pharmacist recommendations with clinical reminders provided to physicians at the time of office visits could impact a large patient population while conserving use of pharmacist resources.
The goal of the present study was to assess the effects of a comprehensive, pharmacist-delivered, provider-focused intervention to improve the quality of care for patients with diabetes in a large primary care practice. We hypothesized that an intervention consisting of a chart review and tailored recommendation letter provided to the PCP could improve process and outcome measures of diabetes care.
■■ Methods Study Setting
The study was conducted from November 2003 through August 2004 in a hospital-based primary care practice, located in Boston, Massachusetts, on the main campus of a large academic teaching hospital. The clinic provides care to a diverse patient population and includes 37 faculty PCPs and 95 internal medicine residents, who together conduct a total of approximately 40,000 patient visits per year. The clinic is divided into 8 distinct clinical "suites," which are defined by a group of physicians who share common space and support staff. Providers in all suites practice primary care, and there is no difference in the type of medical care provided in the various suites.
The clinic is staffed by a registered clinical pharmacist and pharmacy student interns who are available to all providers and to a coded field in the EMR, and (d) were seen in the practice at least once during the 2 years prior to the start of the study. As we were attempting to improve care for all patients with diabetes in the practice and because treatment goals are similar regardless of type of diabetes, we did not distinguish between those with type 1 and type 2 diabetes mellitus. In July 2003, we identified 1,349 patients meeting these criteria and used a random number generator to randomly select 560 being cared for by 72 PCPs for inclusion in the study (Figure 1 ). Of these, 346 had a future visit scheduled with their PCP. A sample size of 292 subjects in each study arm was needed to provide greater than 80% power to detect a difference between the intervention and control arms of 10% in rates of semiannual A1c testing, assuming a baseline screening rate of 70%.
The study was approved by the Partners Human Research Committee and the Northeastern University Office of Human Subject Research Protection, including waiver of informed consent for both patients and physicians.
Randomization Process
We randomized the intervention at the level of clinical suites within the study practice immediately after patients were identified in July 2003. This randomization unit minimized the potential for contamination of the intervention that might occur if patients for assistance with medication-related problems. The pharmacist and interns had been working in the clinic for 2 years prior to the start of the study and continued in the clinic during and after the study. Usual pharmacy services in the clinic were not limited to patients with diabetes but were available by referral from the PCP or upon request by the patient. Typically, patients were referred to the pharmacy service for assistance with smoking cessation, medication review and education, and diabetes education. Usual visits with the pharmacy service were done face-to-face in individual appointments, and documentation of the visit was filed as a note in the patient's electronic medical record (EMR).
These pharmacist services were separate from those described in the present study. Usual diabetes care in the clinic does not routinely include pharmacist consultation for patients. Although some diabetes patients see an endocrinologist for diabetes care, the majority of patients in the practice have diabetes managed by PCPs.
Patient Selection and Enrollment
In July 2003, we identified patients for inclusion in the study who (a) were aged 18 years or older, (b) had a diagnosis of diabetes on the active problem list in the EMR at the time of randomization, (c) had a PCP practicing within the study clinic according physicians received recommendation letters for some, but not all, of their patients. There were 33 physicians practicing in 4 suites assigned to the intervention arm, and 39 physicians practicing in 4 suites assigned to the control arm.
Description of Intervention
Prior to each patient's next scheduled visit with his or her PCP, the "index visit," a comprehensive review of the EMR was performed by trained clinical staff, including the study pharmacist (Kirwin), 1 of the study physicians (Cunningham), and 14 trained pharmacist interns using a structured data collection form (copies of chart review and data collection forms are available from the corresponding author by request). The study pharmacist trained all clinical staff. Training topics included operation of the EMR, orientation to the project, data collection forms, and the data entry program. The data collection forms were annotated with information to remind clinical staff where various data could be located within the chart. Index visits for study patients had been scheduled on a usual care basis that was not part of the study protocol and occurred from November 2003 to August 2004.
For each patient, the baseline review by the study's clinical staff occurred about 1 month prior to the visit. In addition to collecting information on overdue screening exams, the review included information not easily captured by automated clinician reminder programs, such as patient preferences (e.g., not willing to use insulin) or comorbid conditions (e.g., presence of a terminal diagnosis) that might affect disease management decisions. A patient-specific list of diabetes care recommendations was then prepared by the clinical pharmacist for each patient, including both overdue screening exams as well as recommendations regarding drug therapy to achieve diabetes-related treatment targets. These specific recommendations included appropriate use and dosing of lipid-lowering therapy and antihypertensive agents according to current clinical practice guidelines at the start of the intervention period (see Appendix for a template of the letter with all possible recommendations listed). 2 Recommendations included initiation of new medications as well as titration of existing medications.
For intervention patients, a copy of the recommendation letter was entered into the EMR, and a brightly colored print copy was given to the PCP at the time of the index visit. The intervention differed from usual care available from the clinic pharmacist because the review and recommendation process took place for all intervention patients regardless of whether they were referred by the PCP for a face-to-face visit with the pharmacist. Also, the review was abstracted from EMR information only-that is, patients were not interviewed to help create the recommendations. For usual care patients, EMR reviews were conducted but the resulting recommendations were not included in the EMR, and the PCPs did not receive recommendation letters.
A follow-up review was conducted by the pharmacist interns using a structured data collection form (available from the corresponding author by request) to determine which recommendations had been implemented in both the intervention and control groups. Although the follow-up review was conducted 12 months after the intervention because of staff workload, the review evaluated data only within 30 days immediately following the index visit to increase the likelihood that clinical changes made were actually a result of the recommendation letters. Patients whose baseline review indicated an overdue semiannual or annual screening test were counted as having received the test at followup if it occurred within the 30-day follow-up period.
The project was endorsed by the clinic's medical director as well as the clinic's group of attending physicians.
Study Outcomes
Our primary study outcome was the process measure of semiannual A1c testing. Additional outcomes included 4 process and 3 biomarker measures of diabetes care. The 4 additional process measures included annual low-density lipoprotein cholesterol (LDL-C) testing, annual dilated eye exams, annual urine microalbumin testing, and rates of pneumococcal vaccination. The 3 biomarker measures included achievement of A1c less than 7%, LDL-C less than 100 milligrams per deciliter (mg per dL), and blood pressure less than 130/80 millimeters mercury (mmHg). We chose these measures because they represent important markers of disease control, and they are linked to long-term diabetes-related morbidity. We used the Healthcare Effectiveness Data and Information Set (HEDIS) definition to determine rates of outcomes measures being met. 19 In accordance with HEDIS standards, in cases where an outcome result was not available, it was assumed to be greater than goal. Pre-and post-intervention study outcomes were collected for 301 of the original 346 randomized patients because 45 patients (13.0%) did not attend their index primary care visit.
Statistical Analysis
Baseline characteristics for patients in the intervention and control groups were compared using the Pearson chi-square test for categorical variables and Student's t test for continuous variables. We analyzed the impact of the intervention by fitting patientlevel multivariable logistic regression models to predict achievement of each study outcome. The independent variables in these models included randomization status (intervention vs. usual care) as well as the baseline performance of that given measure, both coded as binary variables. These models also adjusted the standard errors for clustering of patients by clinical suite using generalized estimating equations. All analyses were conducted using SAS version 9.2 (SAS Institute, Inc., Carey, NC). We report 2-tailed P values with an a priori statistical significance of 0.05.
■■ Results 171 patients were in the 4 medical clinic suites with 33 PCPs who received the intervention, and 175 patients were in the 4 suites with 39 PCPs in usual care (Figure 1 ). Outcomes were analyzed for 301 patients (87.0%) who attended their scheduled index primary care visit. Of these 301 patients, 44.5% were black, 65.8% were female, and the mean age was 63 years ( Table 1 ). The randomization process achieved good balance between the intervention and control groups across a spectrum of baseline characteristics with the exception of a difference in rates of annual lipid profiles (86.0% intervention vs. 74.8% control, P = 0.015; Table 2 ). At baseline, rates of monitoring A1c and LDL-C were relatively high compared with rates of screening eye exams and urine microalbumin exams. Rates of achieving A1c, LDL-C, and blood pressure control goals were low for both the intervention and control arms.
At follow-up, the rates of achieving each of the 5 process measures improved in both the intervention and control groups ( Table 2 ). In logistic regression analysis, rates of semiannual A1c testing were not significantly different between the intervention and control groups, increasing by 16% in the intervention group and 9% in the control group (P = 0.146). Only rates of annual eye exams were significantly higher in the intervention group compared with the control arm (60.0% vs. 50.3%, P = 0.017). There were no significant differences between the intervention and control groups in achieving glycemic, cholesterol, and blood pressure targets.
■■ Discussion Improving quality of diabetes care remains a priority given the morbidity, mortality, and costs associated with this condition. We found that the majority of measures of diabetes quality were not significantly improved following the provision to PCPs of timely, pharmacist-developed, patient-specific recommendations regarding both overdue testing and medication management. While the processes of care improved for the entire patient population during the study period, there was significant improvement for intervention patients relative to control patients only in the rates of annual diabetic eye exams. In addition, rates of optimal control of A1c, LDL-C, and blood pressure were not significantly improved during the 30-day follow-up period as a result of the intervention. However, it is important to note that these results may be due to the lack of sufficient statistical power in our study.
These results provide some insights into the challenges associated with improving outcomes in the measures of diabetes care. First, while we did not significantly increase performance on the majority of process measures, there was substantial improvement in the rate of annual screening exams for diabetic retinopathy. This finding is in contrast to our prior study of automated electronic reminders (without pharmacist intervention) in this clinic, which found improvements in annual cholesterol monitoring (hazard ratio [HR] = 1.41, 95% CI = 1.15-1.72, P < 0.001) but no effect on eye exam rates (HR = 1.38, 95% CI = 0.81-2.32, P = 0.230). 10 This difference is likely due to the increased accuracy of the recommendations delivered by the pharmacists as compared with the automated reminders, which can often fail to detect exams performed at outside health centers.
A second important null finding in our study is the failure to significantly increase performance according to the important measures of controlling glucose, cholesterol, and blood pressure. These measures have been shown to be resistant to change in multiple prior studies, likely due to the need to address multiple elements of care, including medication management and lifestyle changes. 20 Our findings also add to the growing literature regarding the role of pharmacists in improving quality of diabetes care. Prior studies have demonstrated a benefit to the participation of pharmacists, including positive effects on important measures of disease control such as a reduction in blood pressure 17, 18 and increases in healthy behaviors (e.g., healthy diet and selfcare activities) that can ultimately improve diabetes control. 16 However, it is important to highlight that these prior interventions were more resource intensive than our intervention and involved dedicated office visits or telephone calls with the clinical pharmacist. Our intervention was designed to test the effectiveness of a less resource-intensive program, where a single pharmacist could provide detailed recommendations for a large patient population without the need for dedicated office visits. These recommendations were directly entered into an existing EMR, improving integration with the PCPs' workflow.
Although patients may have been referred for an office visit with the pharmacist in our clinic at the discretion of the PCP, such visits were not included as a routine part of the intervention. Our intervention therefore relied on action being taken by the PCP during the office visit, potentially lessening its 21 This study included a control group for which the clinical pharmacist made recommendations for care improvement that were not disclosed to physicians. In this control group, nearly one-quarter of the concealed recommendations were enacted by physicians without pharmacist input. This pattern may have occurred in the present study sample and may have further reduced the intervention effect. Indeed, systematic reviews and other studies have shown a greater impact on diabetes care measures and improved medication safety when pharmacists are able to act independently within a collaborative practice agreement to initiate or change drug therapy or order laboratory tests. 14, 15, 22 These improvements may be due in part to increases in the intensity of care and the dedicated time available to address diabetes management. 11,14 Such collaborative practice was not supported by Massachusetts state law at the time of our intervention, although it has since been approved by the state legislature.
Pharmacist Recommendations to Improve the Quality of Diabetes Care: A Randomized Controlled Trial
Although our intervention did not demonstrate the hoped-for benefits, as a result of this project we have shifted toward more active involvement of the pharmacist with patients. Rather than asking the pharmacist to review data and make suggestions to PCPs (because the present study showed this approach yielded little added benefit beyond the automated EMR reminder systems that we already have), we have focused on increasing the use of face-to-face consultative visits for patients with the pharmacist for diabetes education and medication titration. 
■■ Conclusions
Pharmacist-generated recommendations delivered by letter to a small sample of PCPs in an academic medical practice were not associated with statistically significant improvement in most quality measures for diabetes care, assessed at 30 post-intervention days. Further research is needed with more patients and a longer follow-up time to determine how best to improve the quality of care of patients with diabetes using focused recommendations for therapy changes and reminder notices to clinicians.
Limitations
First, the present study, although methodologically strengthened by a randomized design, was underpowered and assessed outcomes for only 30 days after the intervention. It was unlikely that changes in biomarker measures would be observed and subsequently documented in the EMR in this time frame. The methodological decisions to limit the sample size and follow-up time were made because of staff workload considerations, but these decisions limited our ability to detect significant differences between the intervention and control groups. Additional research with a larger sample size and longer follow-up period is necessary to reach definitive conclusions about the effects of pharmacist-generated letter reminders to PCPs. Second, this was a single-site study in a large, urban, hospital-based academic clinic with a fully implemented EMR, which may limit the generalizability of this intervention to other settings. Also, our patients were predominantly older, black women whose outcomes might not reflect those of other cohorts of patients with diabetes. Third, we chose to use multiple data abstracters, raising questions about interrater reliability. However, each abstracter was trained and used a structured form to collect data from the chart. Fourth, in an effort to maximize the number of patients whom the service could reach, we decided to use a simple, 1-time recommendation letter to the PCP, which may not have been enough to prompt meaningful change.
Fifth, we found relatively high baseline adherence rates for 2 of the process measures, rates of semiannual A1c measurement and annual lipid profile measurement, making it more challenging to further increase compliance with recommendations. Also, although detailed chart reviews were performed in an effort to provide tailored, relevant, and clinically meaningful reminders, it is possible that certain recommendations were not appropriate for particular patients, due to specific clinical circumstances not detected during the chart reviews. For example, a suggestion may have been made to institute a particular medication when that medication had already been attempted unsuccessfully by another clinician or was not tolerated by the patient. While we did provide recommendations in both electronic and paper formats for clinicians in the intervention group, we are unable to discriminate between those recommendations that went unnoticed and those that were deliberately deferred for clinical or other reasons. Our study was limited by lack of information on the acceptance of pharmacist recommendations by the physicians and by lack of information on patient acceptance or compliance with physician recommendations, prescriptions, and laboratory orders.
Finally, while we did randomize patients by practice suites in an attempt to reduce contamination, it is possible that physicians in the control group were exposed to other diabetes quality improvement initiatives unknown to the authors that may have diluted any effect of the study intervention. These recommendations are based on widely accepted guidelines for quality of care for diabetic patients, but are at times limited by incomplete information in the computerized medical record. We apologize if any recommended interventions have already been performed elsewhere or have been deferred due to circumstances not readily detectable during our chart review.
Please feel free to contact us with any questions or concerns. 
